We have identi®ed a novel frizzled gene in zebra®sh, (Danio rerio): frizzled 7, highly related to mouse, chick and Xenopus fz7. No maternal expression was detected. Zygotic transcription starts at the end of gastrulation anteriorly in the presumptive neurectoderm and in the presomitic mesoderm. During somitogenesis expression is detected in developing central nervous system, including forebrain, midbrain, hindbrain and spinal cord, the lateral mesoderm and the anterior part of the forming somites. The strong sequence conservation of fz7 to the mouse, chick and Xenopus counterparts is also true for their expression pattern. q
Results
The WNT family of secreted glycoproteins play a large variety of roles during embryonic and adult life in both invertebrates and vertebrates including: cell polarity, patterning of appendages, axis determination (Moon et al., 1997) . Genes of the frizzled family (fz) encode transmembrane proteins which are required for WNT signal transduction and may act as WNT receptors (Bhanot et al., 1996; Wesley, 1999) . Vertebrates fz genes constitutes a large family . Several are expressed during early embryogenesis and are involved in dorsal mesoderm induction and gastrulation: Xfz7 (Sumans et al., 2000; Medina et al., 2000) , Xfz8 (Deardorff et al., 1998) , fza (fz8b) (Nasevicius et al., 1998; Kim et al., 1998) .
In order to gain insights in the function of WNT pathways in early vertebrates development we have isolated frizzled7 (fz7) a novel fz gene in the zebra®sh (Danio rerio). We used as a probe a short fragment of zebra®sh cDNA closely related to human fz1 and chick fz7 (Chfz7, Kengaku et al., 1997) previously isolated from a shield library, to screen RZPD Zebra®sh cDNA libraries at high stringency (not shown). The overlap of the two cDNA clones obtained de®nes an open reading frame encoding a potential protein of 559 amino acids, the sequence obtained covers the zebra®sh ZG07 cDNA clone previously isolated . A remarkable conservation with FZD7 proteins of mouse, chick and Xenopus is observed, 82%, 83% and 86%, respectively over the whole protein (Fig. 1) .
No speci®c signals corresponding to maternal transcripts were detected by in situ hybridisation and an attempt to detect maternal fz7 RNA by RT-PCR was negative (not shown). From the 80% epiboly stage, a weak dorsal zygotic expression is detected in a domain of the presumptive neuroectoderm posterior to the most rostral part of the prospective neural plate ( Fig. 2A) . The anterior border of this domain is similar to that of Pax2.1 encompassing the presumptive midbrain/hindbrain junction (Fig. 2B ,D) (Krauss et al., 1991) . Before completion of gastrulation, fz7 is detected in the forming presomitic mesoderm (Fig.  2C±E) .
During somitogenesis several domains of expression are established in the CNS. In the anterior domain, fz7 is expressed in the presumptive forebrain and midbrain ( Fig.  2C ,E), while towards the posterior expression is detected at the level of the midbrain/hindbrain junction and the hindbrain (Fig. 2C,E) as shown by costaining with Pax2.1 (Fig.  2G ). In the hindbrain, expression in rhombomeres 1, 2 and 4 (more weakly) can be assessed by costaining with Krox20 (Fig. 2E,F) (Oxtoby and Jowett 1993) . Around the 12 somites stage fz7 expression starts in the anterior part of the neural tube. At 24 h of development, fz7 is expressed in the dorsal part of the whole spinal cord (Fig. 2K,L) , the hindbrain and the midbrain, where expression is restricted to the tegmentum. A weak expression is also detected in the dorsal diencephalon, but not in the telencephalon. Later, expression in the CNS vanishes progressively, starting from the neural tube (not shown).
Starting from the ®ve somites stage fz7 is expressed in two bilateral stripes of the lateral mesoderm, from the midbrain/hindbrain junction until the end of the presumptive pronephric duct (Fig. 2C,E,H,I ). After 24 h, expression within the lateral plate is separated in two domains and a more intense expression appears at the level of the ®n bud ®eld. (Fig. 2J) . As somites are formed fz7 RNA becomes restricted in the anterior part of the somite (Fig. 2E) , after the 20 somites stage expression in somites decays progressively (Fig. 2K ).
Conclusions
Conclusions are (1) fz7 is a novel zebra®sh frizzled gene; (2) no fz7 maternal RNA was detected; (3) fz7 is restricted to the developing CNS, lateral and presomitic mesoderm as Higher magni®cation of a 24 h embryo, highlighting fz7 staining in the dorsal region of the neural tube. Abbreviations: ddie, dorsal diencephalon; fb, forebrain; mb, midbrain; hb, hindbrain; mhb, midbrain/hindbrain junction; nc, notocord; nt, neural tube; pm, presomitic mesoderm; pnd, presumptive pronephric duct; so, somite; tg, tegmentum; tl,: telencephalon.
Xfz7 and Chfz7 suggesting a strong relation between the conservation of their sequence and the conservation of their expression pattern; (4) To date three zebra®sh frizzled genes display partial co-expression during CNS development: fz10 (Nasevicius et al., 2000) , fz8a and fz8b (Kim et al., 1998) and in lateral mesoderm: fz8a and fz8b. Other members of the fz family Xfz2 (Deardorff and Klein, 1999) , Xfz3 (Shi et al., 1998) , Xfz9 (Wheeler and Hoppler, 1999) , Chfz1 and Chfz2 (Kengaku et al., 1997) are coexpressed in these structures in the Xenopus and chick embryos suggesting a complex overlap of fz patterns of expression during vertebrates development.
Methods
Fz7 cDNA was isolated from RZPD zebra®sh cDNA libraries (clones MPMGp567I17145Q3 and MPMGp567I18 147Q3). Whole mount in situ hybridizations using DIG and Fluorescein labelled antisense probes were performed as described (Hauptmann and Gerster 1994) . The sequence of fz7 is available from the EMBL database with accession number AJ301617.
